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I. Basis of the report 

1 . With regard to the elements of the international application (Replacement sheets which have been furnished to 
the receiving Office in response to an invitation under Article 14 are referred to in this report as "originally filed" 
and are not annexed to this report since they do not contain amendments (Rules 70. 16 and 70. 1 7)): 
Description, pages: 

1-14 as originally filed 

Claims, No.: 

1-11 as originally filed 

Drawings, sheets: 

1/8-8/8 as originally filed 

2. With regard to the language, all the elements marked above were available or furnished to this Authority in the 
language in which the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1(b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination (under Rule 
55.2 and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
international preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the international application in written form. 

□ filed together with the international application in computer readable form. 

□ furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the international application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been furnished. 

4. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims. Nos.: 
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□ the drawings, sheets: 

5. □ This report has been established as if (some of) the amendments had not been made, since they have been 

considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report.) 

6. Additional observations, if necessary: 



V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

1. Statement 



Novelty (N) 


Yes: 


Claims 


1-11 




No: 


Claims 




Inventive step (IS) 


Yes: 


Claims 


1-11 




No: 


Claims 




Industrial applicability (IA) 


Yes: 


Claims 


1-11 




No: 


Claims 





2. Citations and explanations 
see separate sheet 

VII. Certain defects in the international application 

The following defects in the form or contents of the international application have been noted: 
see separate sheet 
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Re Item V : Reasoned statement under Article 35(2) with regard to novelty, 
inventive step or industrial applicability. 

1 . Document US 1 373 344 (D1 ), that is considered to be the closest prior art document 
for claim 1 , discloses (applying the wording of present claim 1 ) a method of moulding 
a reinforced nodal structure (see column 1, line 12) which includes laying down a 
reinforcement of constant cross section (see column 2, line 75) in and along the 
channels (see column 2, lines 70 to 72 and figure 1 and claim 7, line 103) of a nodal 
mould (see figure 2) and across the nodes thereof to at least partially fill the channels 
(see claim 7, lines 103 and 104), closing the mould, and curing resin provided around 
the reinforcement (see claim 7, lines 103 and 104 and page 2, column 1 , lines 57 and 
58). 

1.1. Consequently, the method according to claim 1 differs from the method according to 
D1 in that claim 1 comprises the steps of: 

- laying down a cored reinforcement whereas in D1 the reinforcements are fibers and 

- the reinforcement are laid by repeated passes along the channels. 

The subject-matter of method claim 1 is, thus, new in the sense of Article 33(2) PCT. 

1 .2. The method step of laying down the reinforcement by repeated passes along the 
channels is part of the common knowledge of a skilled person. It is evident from D1 
that the skilled person would lay down the reinforcement by repeated passes as a 
simple reinforcement is not big enough to fill even partly the channels. 

However, the use of a cored reinforcement is not disclosed nor suggested in the 
other available prior art documents in the field of reinforced nodal structures and is 
not common knowledge for a skilled person. 

The use of these cored reinforcements lead to a more desirable weight/strength ratio 
of the structure contrary to the use of fibers which would lead to a dense and heavy 
structure. 

Consequently, it seems that the subject-matter of independent method claim 1 is new 
and inventive over the prior art documents (Art. 33(3) PCT). 
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2. Dependent method claims 2 to 7 concern some particular aspects of the method 
according to claim 1 and therefore also fulfill the requirements of Art. 33(1) PCT with 
respect to the available prior art documents. 

3. Document GB 2 189 425 (D2), which is considered to be the closest prior art 
document for claim 8, discloses (applying the wording of independent claim 8) a 
machine for laying down reinforcement (see claim 1 , line 4 ) for a composite moulded 
(see claim 1 , lines 5 and 6) nodal frame structure (see claim 1 , line 1) having a feeder 
head (see figure 1, (12)) and a mould (see claim 3 and figure 1, (1)), means for 
feeding (page 2, lines 36 to 42) reinforcement of constant cross-section (page 2, line 
39) which causes relative movement of the feeder head and the mould (see claim 1 , 
line 4) so that the reinforcement is laid down in and along a channel of the mould 
(page 2, lines 42 to 45). 

3.1 . Consequently, the machine according to independent claim 8 differs from the device 
in D2 in that according to claim 8 a cored reinforcement is used whereas in D2 the 
reinforcement is a fiber. 

The subject-matter of device claim 8 is, thus, new in the sense of Article 33(2) PCT. 

3.2. Moreover, the subject-matter of independent claim 8 seem inventive (Art. 33(1 ) PCT) 
for the reasons already explained in paragraph 1 .2. 

4. Dependent device claims 9 to 1 1 concern some particular aspects of the device of 
claim 8 and therefore also fulfill the requirements of Art. 33(1) PCT with respect to the 
available prior art documents. 

5. Moreover, the subject-matter of claims 1 to 1 1 is industrially applicable in the 
technical field of making composite nodal sructures (Article 33(4) PCT). 
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Re Item VII : Certain defects in the international application. 

1 . Moreover, the features-of the claims 1 to 1 1 are not provided with reference signs 
placed in parentheses (Rule 6.2(b) PCT). 

2. Claims 12 to 16 are yet not part of the application (see letter dated 28.09.01) and 
should not remain the application documents. Moreover the description is not 
adapted to the new set of claims. 
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(PCT Article 18 and Rules 43 and 44) 



Applicant's or agent's file reference 

DCH/LP587080 


FOR FURTHER see Notification of Transmittal of International Search Report 
ACTION (Form PCT/ISA/220) as well as, where applicable, item 5 below. 


international application No. 

PCT/GB 00/ 03279 


International filing date (day/month/year) 

24/08/2000 


(Earliest) Priority Date (day/month/year) 

24/08/1999 


Applicant 

CRANFIELD UNIVERSITY et al . 



This International Search Report has been prepared by this Internationa! Searching Authority and is transmitted to the applicant 
according to Article 18. A copy is being transmitted to the International Bureau. 



This Internationa! Search Report consists of a total of 5 sheets. 

I X | It is also accompanied by a copy of each prior art document cited in this report. 

1 . Basis of the report 

a. With regard to the language, the international search was carried out on the basis of the international application in the 
language in which it was filed, unless otherwise indicated under this item. 

I | the international search was carried out on the basis of a translation of the international application furnished to this 
Authority (Rule 23.1(b)). 

b. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search 
was carried out on the basis of the sequence listing : 

contained in the international application in written form. 

filed together with the international application in computer readable form, 
furnished subsequently to this Authority in written form, 
furnished subsequently to this Authority in computer readbie form. 

the statement that the subsequently furnished written sequence listing does not go beyond the disclosure in the 
international application as filed has been furnished. 

the statement that the information recorded in computer readable form is identical to the written sequence listing has been 
furnished 

Certain claims were found unsearchable (See Box I). 
Unity of invention is lacking (see Box li). 

4. With regard to the title, 

' \ the text is approved as submitted by the applicant. 
pTj the text has been established by this Authority to read as follows: 
REINFORCED NODAL STRUCTURE , REINFORCEMENT WITH A CORE OF EXPANSIBLE MATERIAL 
AND METHOD OF MOULDING AN ARTICLE 



I i 

n 



□ 



DC 



5. With regard to the abstract, 

I X | the text is approved as submitted by the applicant. 

i ' the text has been established, according to Rule 38.2(b). by this Authority as it appears in Box III. The applicant may, 
1 — within one month from the date of mailing of this international search report, submit comments to this Authority. 

6. The figure of the drawings to be published with the abstract is Figure No. Q 

as suggested by the applicant. None of tne figures. 

i ^ because the applicant failed to suggest a figure. 

\ because this figure better characterizes the invention. 
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Box I Observations where certain claims were found unsearchable (Continuation of item 1 of first sheet) 

This international Search Report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons: 
1 . ! Claims Nos.: 

~~ because they relate to subject matter not required to be searched by this Authority, namely: 



2. | ' Claims Nos. 

because they relate to parts of the International Application that do not comply with the prescribed requirements to such 
an extent that no meaningful international Search can be carried out, specifically: 



3. [ | Claims Nos.: 

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 

Box II Observations where unity of invention is lacking (Continuation of item 2 of first sheet) 

This International Searching Authority found multiple inventions in this international application, as follows: 

see additional sheet 



1 . y I As all required additional search fees were timely paid by the applicant, this International Search Report covers all 

searchable claims. 

2. J As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment 

of any additional fee. 



3. | As only some of the required additional search fees were timely paid by the applicant, this International Search Report 
: covers only those claims for which fees were paid, specifically claims Nos.: 



No required additional search fees were timely paid by the applicant. Consequently, this International Search Report is 
restricted to the invention first mentioned in the claims: it is covered by claims Nos.: 



Remark on Protest The acditiona 1 searcr fees we r e accompanied by the applicants protest. 

X i No pretest accompanied tne oayment of aooitiona! search fees. 
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210 



This International Searching Authority found multiple (groups of) 
inventions in this international application, as follows: 

1. Claims: 1-7 and 8-11 

Method claim 1 discloses a method of moulding a reinforced 
nodal structure which includes laying down a cored 
reinforcement of constant cross section in and along the 
channels of a nodal mould and across the nodes thereof. 

Device claim 8 relates to a machine for laying down 
reinforcement for a composite moulded nodal frame structure. 



2. Claims: 12-15 and 16 

Product claim 12 discloses an elongated cored reinforcement 
of constant cross-section for forming a composite moulded 
article, the reinforcement comprising an envelope of 
strength-giving fibres surrounding a core of expansible 
material . 

Method claim 16 relates a method of moulding a composite 
article which comprises laying in a mould at least one 
length of a reinforcement, closing the mould to cause 
expansion of the reinforcement to reduce void space within 
and around the reinforcement, and curing resin deposited 
around the reinforcement. 
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Inte rnatio nal Application No 
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A. CLASSIFICATION OF SUBJECT MATTER 

IPC 7 B29D28/00 B29C70/38 C08J9/228 B29C44/02 



According to International Patent Classification (IPC) or to both national classification and IPC 



nternalionc 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 7 B29D B29C A63B 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 


Category ° 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


A 


GB 1 373 344 A (SECR DEFENCE) 
13 November 1974 (1974-11-13) 
the whole document 


1,3-6 


A 




GB 2 189 425 A (CAMBRIAN PLASTICS LTD) 
28 October 1987 (1987-10-28) 
claims 1-16; figures 1-4 


1,3-6 


A 


FR 2 250 628 A (M & M INTERNATIONAL 
PLASTICS) 6 June 1975 (1975-06-06) 
claims 1,3; figures 1,3 


1,3-6 


A 


US 4 137 354 A (MAYES JR JAMES T ET AL) 
30 January 1979 (1979-01-30) 
figures 1,15 

-/- 


7 



m 



Further documents are listed in the continuation of box C. 



Patent family members are listed in annex. 



r Special categories of cited documents : 

"A" document defining the general state of the art which is not 
considered to be of particular relevance 

"E" earlier document but published on or after the international 
filing date 

V document which may throw doubts on priority claim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

'O" document referring to an oral disclosure, use, exhibition or 
other means 

,CJ " document published prior to the international filing date but 
later than the priority date claimed 



"T" later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

"X" document of particular relevance: the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

"Y" document of particular relevance; the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

"&" document member of the same patent family 



Date of the actual completion of the international search 



2 January 2001 



Date of mailing of the international search report 

1 2. 01. 01 



Name and mailing address of the ISA 

Ejropean Patent Office, P.B. 5818 Patentlaar. 2 
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Fax i+31-70) 340-3016 



Authonzec off-cer 
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International Application No 
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Category *• Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No 



US 4 212 461 A (CECKA ANDREW M ET AL) 
15 July 1980 (1980-07-15) 
column 3, line 25 -column 4, line 22; 
claims 1-3; figure 4 

US 4 399 992 A (M0LIT0R ROBERT P) 

23 August 1983 (1983-08-23) 

column 5, line 29-38; claim 1; figures 3-6 

EP 0 270 462 A (S0N0C0 GUNTHER) 

8 June 1988 (1988-06-08) 

column 3, line 10-27; figures 1-12,14-16 

column 4, line 31-36; claims 1-30 

FR 2 462 266 A (TECH VERRE TISSE) 
13 February 1981 (1981-02-13) 
claims 1-6; figure 1 

US 3 936 336 A (PHILLIPS LESLIE NATHAN) 
3 February 1976 (1976-02-03) 
figure 1 



12-16 



12-16 



12,13,15 



12-15 



12,14 
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around the reinforcement. 
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I. Basis of the report 

1 . With regard to the elements of the international application (Replacement sheets which have been furnished to 
the receiving Office in response to an invitation under Article 14 are referred to in this report as "originally filed" 
and are not annexed to this report since they do not contain amendments (Rules 70. 1 6 and 70. 1 7))\ 
Description, pages: 

1-14 as originally filed 

Claims, No.: 

1-11 as originally filed 

Drawings, sheets: 

1/8-8/8 as originally filed 



2. With regard to the language, all the elements marked above were available or furnished to this Authority in the 
language in which the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination (under Rule 
55.2 and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
international preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the international application in written form. 

□ filed together with the international application in computer readable form. 

□ furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form. 

G The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the international application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been furnished. 

4. The amendments have resulted in the cancellation of: 



L- the description. 
Z the claims. 



pages: 
Ncs.: 




JTERNATIONAL PRELIMINARY 
EXAMINATION REPORT International application No. PCT/G BOO/03279 



the drawings. sheets: 

5. □ This report has been established as if (some of) the amendments had not been made, since they have been 
considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report.) 



6. Additional observations, if necessary: 



V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

1. Statement 

Novelty (N) Yes: Claims 1-11 

No: Claims 

Inventive step (IS) Yes: Claims 1-11 

No: Claims 

Industrial applicability (IA) Yes: Claims 1-1 1 

No: Claims 



2. Citations and explanations 
see separate sheet 



VII. Certain defects in the international application 

The following defects in the form or contents of the international application have been noted: 
see separate sheet 
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Re Item V : Reasoned statement under Article 35(2) with regard to novelty, 
inventive step or industrial applicability. 



1 . Document US 1 373 344 (D1), that is considered to be the closest prior art document 
for claim 1 , discloses (applying the wording of present claim 1 ) a method of moulding 
a reinforced nodal structure (see column 1, line 12) which includes laying down a 
reinforcement of constant cross section (see column 2, line 75) in and along the 
channels (see column 2, lines 70 to 72 and figure 1 and claim 7, line 103) of a nodal 
mould (see figure 2) and across the nodes thereof to at least partially fill the channels 
(see claim 7, lines 103 and 104), closing the mould, and curing resin provided around 
the reinforcement (see claim 7, lines 103 and 104 and page 2, column 1 , lines 57 and 
58). 

1.1. Consequently, the method according to claim 1 differs from the method according to 
D1 in that claim 1 comprises the steps of: 

- laying down a cored reinforcement whereas in D1 the reinforcements are fibers and 

- the reinforcement are laid by repeated passes along the channels. 

The subject-matter of method claim 1 is, thus, new in the sense of Article 33(2) PCT. 

1 .2. The method step of laying down the reinforcement by repeated passes along the 
channels is part of the common knowledge of a skilled person. It is evident from D1 
that the skilled person would lay down the reinforcement by repeated passes as a 
simple reinforcement is not big enough to fill even partly the channels. 

However, the use of a cored reinforcement is not disclosed nor suggested in the 
other available prior art documents in the field of reinforced nodal structures and is 
not common knowledge for a skilled person. 

The use of these cored reinforcements lead to a more desirable weight/strength ratio 
of the structure contrary to the use of fibers which would lead to a dense and heavy 
structure. 

Consequently, it seems that the subject-matter of independent method claim 1 is new 
and inventive over the prior art documents (Art. 33(3) PCT). 
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2. Dependent method claims 2 to 7 concern some particular aspects of the method 
according to claim 1 and therefore also fulfill the requirements of Art. 33(1) PCT with 
respect to the available prior art documents. 

3. Document GB 2 189 425 (D2), which is considered to be the closest prior art 
document for claim 8, discloses (applying the wording of independent claim 8) a 
machine for laying down reinforcement (see claim 1, line 4 ) for a composite moulded 
(see claim 1, lines 5 and 6) nodal frame structure (see claim 1 , line 1) having a feeder 
head (see figure 1, (12)) and a mould (see claim 3 and figure 1, (1)), means for 
feeding (page 2, lines 36 to 42) reinforcement of constant cross-section (page 2, line 
39) which causes relative movement of the feeder head and the mould (see claim 1, 
line 4) so that the reinforcement is laid down in and along a channel of the mould 
(page 2, lines 42 to 45). 

3.1 . Consequently, the machine according to independent claim 8 differs from the device 
in D2 in that according to claim 8 a cored reinforcement is used whereas in D2 the 
reinforcement is a fiber. 

The subject-matter of device claim 8 is, thus, new in the sense of Article 33(2) PCT. 

3.2. Moreover, the subject-matter of independent claim 8 seem inventive (Art. 33(1 ) PCT) 
for the reasons already explained in paragraph 1.2. 

4. Dependent device claims 9 to 1 1 concern some particular aspects of the device of 
claim 8 and therefore also fulfill the requirements of Art. 33(1) PCT with respect to the 
available prior art documents. 

5. Moreover, the subject-matter of claims 1 to 1 1 is industrially applicable in the 
technical field of making composite nodal sructures (Article 33(4) PCT). 
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Re Item VII : Certain defects in the international application. 



1. Moreover, the features of the claims 1 to 11 are not provided with reference signs 
placed in parentheses (Rule 6.2(b) PCT). 

2. Claims 12 to 16 are yet not part of the application (see letter dated 28.09.01) and 
should not remain the application documents. Moreover the description is not 
adapted to the new set of claims. 
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REINFORCED NODAL STRUCTURE , REINFORCEMENT WITH A CORE OF EXPANSIBLE MATERIAL 
AND METHOD OF MOULDING AN ARTICLE 

The present invention relates to an apparatus for 
and method of producing a composite structure and relates 
particularly, but not exclusively, to the production of 
vehicle structures and the like. The present invention 
also relates to a cored reinforcement suitable for 
making a composite structure. 

It is known to produce a composite structure by 
laying a plurality of fibres onto a first portion of a 
mould having a desired shape and introducing a resin 
material either during the laying up process or 
thereafter in order to ensure the fibres are bonded to 
each other and produce a component of the desired shape. 
It is also known to employ a mould having inner and outer 
portions which, upon assembly, are used to define the 
external shape of the component to be moulded. 
Additionally, it is also known to employ an injection 
technique in which resin is injected or drawn into the 
mould cavity during the manufacturing process. This 
injection step facilitates the impregnation of resin 
material between the fibrous structure and fills the 
mould cavity thereby to define accurately the final shape 
of the desired product . 

Whilst the above processes provide a perfectly 
adequate method of manufacturing a composite component it 
does not lend itself readily to the production of 
complicated three-dimensional structures Additionally , 
some structures can be somewhat bulkier than might be 
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muiti-noded, frame structures such as vehicle frames. 
Although it is theoretically possible t c use the prior 
art hand lay-up procedures for these costs would be 
prohibitive; and, again in the context of vehicle frames, 
5 crash- resistance and rigidity in the cage formed ky the 

frame for at least the passenger- carrying part of the 
vehicle, require great care and control in the formation 
of the joints at the nodes and in how reinforcement is 
continued through a node to confer coherence and 

10 strength. 

Furthermore, use of fibres only as reinforcement 
will lead to a dense and heavy structure. It is known 
that the reinforcement can take the form of a carbcn- 
fibre-bound foam core of constant cross - sect ion which is 

15 of indefinite length and can therefore be fed onto the 
mould as desired. This gives a more desirable 
weight /strength ratio. However, there may still be 
substantial voids between such reinf or cement which become 
filled with resin, and the desired weight to strength 

2 0 ratio may not be reached. 

It is an object of the present invention tc provide 
a machine and process for producing a composite structure 
which lends itself to the moulding cf complicated three- 
dimensional structures . 

25 Accordingly a first aspect cf the present invention 

provides a machine for laying up moulded resin-based 
structural composite, wherein the composite is a nodal 
frame, which includes a feel head for core! reinforcement 
of constant cross - sect ion , means for controlling the feed 

3 C cf the composite from the head and fee severing the 

composite intc fed lengths, and means fcr causing 
coord in a ted relative movement cetveer the ::ead and a 
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nodal mould whereby to feed lengths of reinforcement into 
and alone the open mould ana through the nodes thereof . 

The feeding and coordination will he under CNC 
(computer numerical control; . 
5 The cross - sect ionai shape cf the cored 

reinforcement need have no relation to the shape of the 
mould . 

The feeding is preferably repeated until the mould 
is at least filled throughout with the lengths of 
10 reinforcement; preferably it is somewhat overfilled so 

that closure of the mould causes compression of the 
reinforcement. However, it is nor excluded that the 
mould may be underfilled with the lengths of 
reinforcement . 

15 In a second aspect of the invention a moulding 

process for making a nodal frame cf composite includes 
providing a length of cored reinforcement cf constant 
cross - sect ion , repeatedly feeding that reinforcement into 
and along an open nodal mould for the frame through the 

20 nodes thereof, severing the length with shorter lengths 

as necessary to fill the mould, closing the mould, and 
curing resin provided around the reinforcement . 

The process may include overfilling the open mould, 
whereby closing the mould compresses the reinforcement . 

25 Again, tne cross-sectional shape cf the reinforcement 

need have no relation to the shatoe :; t the mould. 



Another object of the present invention is to 
reduce the mass of a composite moulded structure or 
3 0 article. 

Accordingly in a third aspect cf the invention 
use as C; reinforcement a cere:: re : n: r r cement with an 
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envelope of strength - giving fibres - most preferably 
carbon fibres - surrounding a rare of expansible 
(preferably closed cell foam) material. The core is 
expansible under reduced pressure applied to a closed 
5 mould (e.g. to draw resin into the mould) and therefore 
the finished article contains hardly any or ideally no 
voids between reinforcements tc be c ccupied by resin; and 
instead the resin is found exclusively impregnating and 
encapsulating the strength-giving fibrous structure. 

10 The invention in a fourth aspect therefore provides 

a method of moulding the composite article which consists 
of laying in a miould at least one length of reinforcement 
of constant cross - sect ion (which constant cross - sect ion 
need have no relation to the shape of the mould), the 

15 reinforcement having a core of an expansible (preferably 

closed cell foam) material, closing the mould, reducing 
the pressure in the closed mould whereby to cause 
expansion of the reinforcement to minimise void space 
within and around the reinforcement, curing resin 

20 provided around the reinforcement, and removing the 

mould. Preferably the strength -giving fibre is carbon 
fibre. The curing which will be under elevated 
temperature may have the effect of destroying or 
partially destroying the foam core. 

25 The result is a cellular structure wherein cured 

resin encapsulates the reinforcing r lores m such a way 
as tc give a favourable mass to strength: ratio because 
the resin tends tc be of higher density r inn the fibre 
or, of course, the foam core. 

31 A r referable means and method for iavinn down the 

r e i n f o r c erne n t i n t h i s wa v , t: r e t e r a b 1 v i : : r j me r r. ! * : s o asses 
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aspects of the present invention. 

The strength-giving fibre envelope may be prepared 
in any form suitable for the purpose. Particularly 
suitable is a braided structure. For the expansion 
5 characteristic of this process, the braiding need not be 

s ymme t r i c a 1 . 

In the second or fourth aspect of the invention the 
resin may be provided by passing it into the mould (e.g. 
by r injection, or by evacuation to draw the resin into the 

10 mould) when the mould is closed. Alternatively the resin 
may be introduced into the mould as the reinforcement is 
fed into mould. For example, the resin may be fed into 
the mould as a powder as the reinforcement is fed into 
the mould. The powder may then be fused (e.g. by a 

15 travelling heater) to prevent it from escaping and /or to 

tack the reinforcement together. 

The present invention will now be more particularly 
described by way of example cniy with reference tD the 
accompanying drawings in which: 

20 Figure 1 is an isometric projection of a vehicle 

substructure which might be produced in accordance with 
the method and apparatus of the present invention; 

Figure 2 is a diagrammatic representation of a 
mould structure ,- 

2? Figures 3A and 3B illustrate one possible ioint 

arrangement between segments of the mould structure in 
top and side view respectively, in an open position; 

Figures 4A and 4E illustrate the arrangement of 
Figures 3A and 3B in closed position; 
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Figure 6 illustrates a node v;::hi:: the composite 
structure ; 

Figures 7 and 8 illustrate in side viev: a machine 
suitable for laying down reinforcement into a mould 
structure ; 

Figure 9 is a front viev; of a feeder head of the 
machine ; 

Figure 10 is a side viev; of the feeder head of the 
machine ; 

Figures 11-16 illustrate various steps involved in 
the manufacture of a moulded structure in accordance with 
the present invention; 

Figures 19-21 are lateral sections through a mould 
showing successive stages of loading; 

Figure 22 is the same after impregnation and cure ; 

and 

Figure 23 is a perspective view and section of a 
composite prepared according to the process. 

Referring now to the drawings in general, but 
particularly to Figure 1 it will be appreciated that a 
composite structure such as a vehicle space frame 10 is 
complex and not easily manufactured. The structure 
comprises a number of frame members 12 meeting at nodes 
13 and may include subassemblies such as crush subsection 
14, and oomoonents such as a rear s t rena: hemna member 



i iiuscraoed aeneraiiv at 10 



r.cai: icnai 



t eacure; 



as hinge, bumper or suspension merrier mounting points may 
be provided at other positions on the structure. 

If the frame structure is to be made integral a 
collapsible internal mould par" ; r - be described', will 
te used; however if the frame structure is made 
mirror image cans . ie divided a loner its median 
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plane; a convent ional three-dimensional mould may be 
used. In the latter case the joining together of the 
separately made halves by adding further layers over the 
joint can easily be achieved and be very satisfactory. 
5 A simplified form of a collapsible mould structure 

suitable for creating an integral compos ice structure of 
Figure 1 is shown in Figure 2. From Figure 2 it will be 
appreciated that the mould structure comprises a 
plurality of linked female mould segments 24 each of 

10 which has a channel portion 26 into which the 

reinforcement is laid during the assembly process 
described in detail later herein. In an erected position 
the mould segments 24 act to define the shape of the 
desired article whilst in a second, col lapsed position, 

15 they act to allow removal of the moulded article 

therefrom. In order to facilitate movement between these 
positions the segments are joined by a reinforced 
silicone rubber bag 28 which may be inflated by 
introducing pressurised air or any ether suitable fluid 

20 through inlet 30, thereby causing the bag to inflate and 

move the segments 24 to their assembled position. 
Collapse of the mould segments is achieved by withdrawing 
the air or other fluid from the bag either by simply 
releasing it therefrom or by positive!;/ withdrawing it. 

2E Of course, the shape of the mould here, a simple ovoid, 

does not correspond with a shape nee do i ::: the frame 10; 
it is given by way of illustration only. 

Referring now more particularly t. :: Figures 2 and 4, 
the segments 24 are jointed together ivy -ears of hinge 

2: means shown, generally at 32. I:: the particular example 

the hinae means comprises a flexible wer member ha vine: a 
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portion 24a and second portion 32b fixedly attached to an 
adjacent segment portion 24b. The flexible web portion 
32 locates each segment 24 relative its neighbour 

whilst providing sufficient flexibility for the segments 
5 to move between their two positions. In a simplified 

arrangement the hinge means may comprise a flexible 
material which forms the pressurising bag 28. Also show:: 
in Figures 3 ana 4 are locating means in the form of, for 
example, tapered pins 34 and associated holes 3 6 provided 

10 on adjacent flange portions 38a, 38b of adjacent mould 

segments 24a, 24b. Operation of the pressurising means 
28 will cause the hinged segments tc be moved into 
interlocking relationship with each other in view of the 
fact that the pressurising force will be applied in the 

15 direction of arrows F of Figures 3 and 4. The force 

causes the segments to hinge relative to each other into 
their closed position and ensures the security of the 
hinged j oint . 

The segments 24, once erected, act to define a 

20 mould structure onto which the composite material may be 
laid down, as will be described later. 

Closure and injection steps are illustrated by- 
reference to Figure 5 from which it w ill be appreciated 
that a second part 4 0 of the mould is brought in to 

25 enclose the laid down material 3 8 and is then secured in 

pcsiticn by any suitable means. it. will be appreciated 
that whilst Figure 5 illustrates a total encapsulation 
type arrangement one need only actually enclose the 
portions containing the laid d cwn material and, 
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actuation systems (not shown) which move the second 
portion or portions 40 of the mould into position and 
retain them there during the subsequent steps . The act 
of introducing the second portion 40 preferably causes 
5 the reinforcement to be compressed and ensures the fibre 
structure and any inserts in it are kept still during the 
subsequent impregnation step. The second pcrticn 40 of 
the mould is preferably coated with a silicone layer to 
aid sealing during infusion and release once the 

10 component has been cured. By applying a vacuum to the 
interior of the mould via outlet 4 1 one can draw resin 
material from reservoir 42 into the interior of the mould 
and cause it to pass along the strands of the fibre of 
the reinforcement via resin inlet 43, thereby passing 

15 between and coating the fibre with the resin, wnich also 
acts to define the outer surface of the finished article 
in view of the fact that it contacts the surface cf the 
mould structure itself . The use of a vacuum step is 
preferred over that of a resin injection step under 

20 positive pressure as the vacuum makes the job of sealing 
significantly easier and reduces loads on the tooling 
associated with the mould process. Whilst net absolutely 
necessary, it will be appreciated that a small 
additionally internal pressure may be applied to the 

25 pressurising means 28 tc help ensue that the segments 24 
seal against the second portion of the mould. 

Once the resin is injected, the res m is cured at 
elevated temperature and the second pcrticn cf the 

mould is removed and the pressurising tear.: deflated for 

"0 the extraction of the completed spat- tram- su~h as 10. 

Any mould debris is removed from th- crate frame, arc the 
tociino is then cleaned and prepare:; t t- -uce eve 
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again. Of course, if the frame is made i:i halves, the 
mould channels 26 may be on a permanent: , rigid, mould 
half . 

Referring new to Figure 6, i: v: ill be appreciated 
5 :ha: nodes 13 may be produced by introducing diverting 

inserts in the form of sections 44 thereby to divert a 
portion of the reinforcement around the corner created by 
said section so that the lengths of reinforcement pass 
from one frame part 12 to another continuously through 

10 the node 13 . 

Figure 7 illustrates in a very simplified form a 
machine suitable for laying reinforcement onto the mould 
structure. The machine 60 comprises a support frame 62 
having a reinforcement supply head 64, to be described in 

15 more detail later, mounted onto a tv:o-axis positioning 
head 66. The head 66 is mounted on and translatable - 
arrow X - along bridging member 6S which is, itself, 
translatable - arrow Y - along frame 62 so as to move in 
two dimensions. An ovoid mould structure formed of 

20 segments 24 is mounted for rotation about a longitudinal 

axis 6 3 of the frame 6 2 such that, on control led 
translation of the feed head 64 and rotation of the mould 
structure it is possible to- deposit the reinforcement 
into the channel 2 6 of the mould by laying it on and 

25 along that channel. This Figure also illustrates the 

crossover or inter meshing relationship at nodes 13 of 
the frame thereby to increase the rigidity if the 
finished frame. A programmable CI 12 " 0 is provided to 
control the movement of the support frame 6 1 ana feed 

?. 1 head 6 4 . 
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reinforcement in the channels will normally be by the 
CNC, programmed for the particular frame, :e the 
particular mould being used: CKC will alsc determine the 
rate of feed of reinforcement from the head and if 
5 discrete lengths of it are to be placed, for example 
through a node or at a zone where particularly high 
stress is expected. 

Figure 8 shows a second such machine 6 0 1 , with a 
feeder head 64 to which reinforcement comes from a roll 

10 65 carried with the head (in other embodiments, however, 
the roll may be immobile or independently movable) . As 
before, the head 64 can execute longitudinal or lateral 
movements over a mould structure, here generally 6 7 
mounted for rotation on axis 63 . Under the control of a 

15 CNC 70, reinforcement can be laid down either 

continuously or in discrete lengths along the grooves of 
the mould structure until these are full or slightly 
overfull . 

Both Figures 7 and 8 have dealt with a fully 
20 rotatable mould structure; it is clear however that the 
mould structure may be stationary, with the feeder' head 
adapted under CNC to move additionally in a 2 axis 
orthogonal to the X and Y arrows, and or can partially 
rotate (reciprocate) . This will be the case, usually, 
25 when the frame to be formed by the machine ani process i< 

such as not to require a collapsible mould structure. 

Figures 9 and 10 shows the feeder hea:i 6 4 . 
Reinforcement 38 from the roll 6 5 or other source is 

inreugn nozzle 46 witn guice wings 4'". Reinforcement 
^ r -~ u i no from the nozzle is n r e s s e d i u t « t i ~i e t a s — o f 
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by pressure roller 28. Cutter 49, which like feed 
rollers 45 is under CMC control, car; operate tc sever 
discrete lengths of reinforcements. 

The reinforcement 38 comprises carbon fibre 
5 filament 50 surrounding a central core 52 which, in a 

preferred arrangement, comprises a compressible core such 
as a foam material. As describee later, in respect of 
Figures 19-23, the reinforcement in a particularly- 
preferred arrangement has an expansible closed cell foam 

10 core. it will, however , be appreciated that flexible or 

non- compressible cores may be used to advantage. 
Powdered fusible binder is carried on or in the carbon 
fibre cover 50. A pulsed infrared heater 53 fuses binder 
on the surface of any preceding layer of reinforcement to 

15 tack the newly applied layer in place under closure of 

the mould and impregnation, as will be described with 
reference to Figures 11-18. Whilst the majority of the 
reinforcement is wound continuously it will be 
appreciated that this winding process may be stopped and 

2 0 then recommenced at any position of the mould structure 

such that localised areas may be provided with additional 
composite material in order tc improve the strength of 
that portion. In addition to the deposition of discrete 
lengths of reinforcement it is possible to incorporate 

25 additional fabric, foam and metal inserts into the wound 

structure as the reinforcement is supplied thereto (such 
inserts can also, however, be addei when winding is 
complete) . Such additions serve enable the structure 
to withstand large or localised 1 cads during use and. 'or 
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feedstock from feeder head 64 (here snown as delivering a 
plurality of reinforcements at one pass:, whilst at the 
same time introducing any additional inserts '.shown 
generally at 46) and the mould is then overfilled by a 
5 small amount (Figure 14) so that when the mould is closed 

by second mould part 4C ' (Figures 1!: and 16 j the 
reinforcement is compressed. Resin is then fed in, 
preferably by vacuum impregnation (Figure 17) , to 
impregnate the voids, and is cured. Tne mould parts 24, 

10 40' are removed leaving the formed frame member 12. 

Figure 19 shows the channel I CI of a mould part 102 
being loaded by a feeder head 103 (such as the one 
described above in respect of Figures 9 and 10'; with 
successive layers of constant cross - sect ion reinforcement 

15 104. The reinforcement here is shown as rectangular 

cross-section; this is diagrammatic and normally it would 
be circular or oval in cross - sect ion , with an 
comparatively soft, expansible, closed ceil plastics 
material foam core enwrapped by an envelope cf strength- 

20 giving fibres. Particularly suitable for such fibres are 

carbon fibres and they may be arranged in a braid around 
the core . 

The reinforcement is fed in until the channel is 
sufficiently full, then as seen in Figure 2 0 a second 
25 part 105 cf the mculd is placed on and sealed tc it. In 
Figure 21, reduced pressure is applied r i die mould to 
draw resin into it. The resin cannot permeate the closed 
cell foam core and is instead drawn along the channels 
formed bv the fibre covers cf the various lengths of 
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entirely eliminated, leaving only a :Duipara:iveiy thin 
network or honeycomb 106 cf walls of reinforcing fibre 
impregnated with resin. This is shown schematically in 
Figure 22 where the presence of a resin is indicated by 
thickened honeycomb lines 10 7 . In the process of curing, 
which is at an elevated temperature, the foam core of the 
reinforcement may be partially or even completely 
destroyed or melted but this is of no importance. What 
is left, as seen in Figure 23, is a honeycomb rigid- 
walled complete beam structure 1C8 of very satisfactory 
strength to weight ratio. Voids where the foam has been 
destroyed are seen in the darkened areas such as 109 . 

This construction and type of reinforcement can be 
used in complex nodal structures, as described above in 
respect of Figures 1-18, with the reinforcement being 
taken through the nodes so as to form an integral 
structure not requiring the making of joints. 
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CLAIMS 

1. A method of moulding a reinforced nodal structure 
which includes laying down a cored reinforcement of 

5 constant cross section in and along the channels of a 

nodal mould and across the nodes thereof by repeated 
passes along the channels to at least partially fill the 
channels, closing the mould, and curing resin provided 
around the reinforcement. 

10 

2 . A method according to claim 1 wherein the 
reinforcement is a foam-cored carbon fibre structure. 

3 . A method according tc claim 1 or claim 2 wherein 
15 the channels are overfilled whereby closing the mould 

compresses the reinforcement . 

4 . A method according to any one of the previous 
claims wherein the laying down involves relative movement 

2C of a feeder head and the mould and control of the feed of 

reinforcement, all under computer numerical control 
(CNC) . 

5. A. method according tc claim 4 which includes also 
25 severing lengths of the reinforcement in the feeder head 

under CNC. 

6. A method according to any one or trie preceding 
claims which includes thermally tachnig reinforcement tc 

3 C a n r e c e d i r 1 a v e r o f rein f o r c e me n t 

A me t h c d a c c o r d i n cr * c a n v o ~ . e c f r h o r 2 " e c e d 1 n ^ 
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claims which includes introducing a: least one insert in 
the mould tc divert locally the reinforcement, to provide 
localised strengthening and /'or to provide a mounting 
point . 

t . A machine for laying down reinforcement for a 

composite moulded nodal frame structure having a feeder 
head and a mould, means for feeding cored reinforcement 
of constant cross - sect ion through the feeder head which 
causes relative movement of the feeder head and the mould 
so that the reinforcement is laid down in and along a 
channel of the mould. 

9 . A machine according to claim 8 wherein the feeder 

head additionally includes means for severing the 
reinforcement into lengths. 

10. A machine according to claim 8 or claim 9 which is 
under CNC. 

11. A machine according to claim 8, claim 9 or claim 10 
wherein the feeder head includes also a radiant heater. 

12. An elongate ccred reinforcement cf constant cross- 
section for forming a composite mouldei article, the 
reinforcement comprising an envelope or. strength- giving 
fibres surrounding a core of expansible material. 
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claim 13, in which the envelope cf st rength-gi ving fibres 
has a braided structure. 



15. A cored reinforcement according to claim 12, claim 
13 or claim 14, in which the expansible material is a 
closed cell foam material. 



16. A method of moulding a composite article which 
comprises laying in a mould at least one length cf the 
reinforcement of one of claims 12 to 15, closing the 
mould, reducing the pressure in the mould to cause 
expansion of the reinforcement to reduce void space 
within and around the reinforcement, and curing resin 
deposited around the reinforcement . 




Fig. 17. 



Fig.18. 
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